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PROBLEM TO BE SOLVED: To surely perform recall operation of memory cells and a latch 
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SOLUTION: Input of two buffer circuits constituting a latch circuit receive different 
voltage depending on capacity coupling effect of a ferroelectric capacitor or capacity 
division of the ferroelectric capacitor before connection of a power source. A switch 
control circuit activates a switch control signal after applying a power source when first 
plate voltage is boosted to the prescribed voltage. A switch circuit is turned on responding 
to activation of a switch control signal, and connects a power source terminal of the buffer 
circuit to a power source line. At the time, as input voltage of the buffer circuits are 
different, logic data is written in the latch circuit in accordance with both input voltage. 
Consequently, data held in the latch circuit before cut off of the power source is 
reproduced surely. 
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i/?k. 

Mass i tu— hatKWft-f i ru- hffiji^4j£ 

•f48l7V-h«fl3fc£III»i, 10 
*W<OSA», fffflaH iri/- h«E#BfjettflE* T± 

X-f ;yf-III8§£:*y§-£.g>7.-f vf-0J1W[HlS8k ZMIX 
V»*£ k £*8Sfc t*»¥»f*:*«III8&. 

•y 7 r S 7 -y -^[USSfc , 

» 1 7V- HKfc SS2 TV- MgktfJElCiSJiJfcffiRS 

a, +IBjy- H^frie^'y 7 r EK«>-2r0>A:fJfc8NK 

IWE»iru-h*fcl!fflE»27 , U'-htti:<olBIfc:ttW 20 
£8» $ ix . * 19 7 - H * s fJE/ < -y 7 r IHSScDflfcfr W A 

luE/N' y 7 r lalSScoSiSlfff $rX-f -y^mw&^zmi 

WKS 1 7V- M*fcffi*&-fr4!B 1 7V- hCE££j£ 
*SS5 1 TV- bmJBS£HI&k . 
*^ttA*»<5>Bfje«fflHL flrfBJtS 2 71/- httCftft 
ffE»iru-h«EJ:0(fiv^ 27V- h«E 
*4-tf*4»27V-h*jEE?E£|I|»i: . 

ikb«o&a», H?te^ i7v- MBEEtfis^iSE* t± 30 

V»4i k £ltfik t-6^ftJMSlII». 

MlE#y < 7 7 r UlSSii , pMOS hyy : JX9HX t/nMOS h 

miKnMOS h 7 y V -xii, m IX 4 •/ f-0S55: 40 

MienMos h7^x; os&u . m z&tmizmmzti 
x^hzttmt-t&^mmmmt. 
iimm] ■?x?7-yf-m$txi'-7yyi-mz 

mH.-?X?7*/*\2\&ii£V ! XU-77 y+Wfr&H: 
< k fc-tfli. 50 



#^2 0 0 3-2 0 34 7 5 

2 

A*ki±5*k^5<-H^^Uv:2o«0/<-y7rliISSSr* 
-n»7-y^@SSk. 

mm 1 7V- MBCSNKSiut-StWSItt***^^ 
v?k, 

xmnmzt8fa-rhx4 >yf- inssk . 
mm 1 7v- hmzm?im 1 tv- 
■fiSI 1 7V- hmEm.®&k . 

mism 1 ru- MtE3Sfl9rJg«E4-C± 

7.4 -yf-EK^yS-tirSX^ •yTHWWEMJ&kfcfiM.T 

[Ht#«5] ^X?7-yf«k7V-7'7'y^[I]S& 

k^^f^$^cieitifl]B^*t-i»^(**aii]KT- 

fiievT.^ 7 -y T-mffitiXu'xu- 7? 'y+m%<7)'js% 
< k t-aii, 

A73ta37Jk «r2^tcasttl,fc 2 ow< . y 7 r IsISS^^r 
•T47-yf-[HlSlk. 

« 1 71/- hMEfcm2 7°1/- h«k<oraCtt?iJfc««$ 

<i. +ray- K^'ffEA'-y 7 Tmmo-ucvAiiizm m 
kte» 1 7V- hmt we»2 ru- MSk or^uij 

(c^$ti s +P B V- K«Sy< 'y 7 r EIKOflfclSrWA 

MffiA-y 7 T[3S§^fl:M^ &X4 -yHflflWg^KiSt 
T1WM8KS«W*^-f -yf-EISSk&, 
fiiem 1 7V- MSWCflBM"4!B 1 7V- N«E*4flK 
■tiS 1 7V- hmffi^felllffSi: s 

m<oikxfrt>mfev>Msi. Bufem27v- m»k^ 
■rs. ffie^i7v-h«Ej;'9tav^2 7V-M:s 

«s«aA». mam iyu-h %Em%W£t x±. 

Ltz k # fc. MRX 4 -y f^wm^SrvStt-fk L . fie 
7x4 ■yf-Eff&SrJjVS-e&X-'f -yf-^tPlslSSt $rfii^T 

wmmz&^x. 

filE=&y n" 7 7 r . pMOS hyy-Jx^HJ: r/nVDS h 
yWxffrttfchox&A y^-fx-mfcHtx. 

mtpvf&vyyvxfw-xit. mix-i *,+mte 
ftLxmmmz&mti. 

moflmhyyisxiwv-xii. max a -y^m 
itLxtmmzmmzix, 

miapMosh yy=jx9(Dmmt. mBXM»£«isiz 

fiienMOSh yyi?X?<DWmt. ffitaS«!«fc:ffi«S*l 

x^iztmmtth*mmkmm. 
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Mzztiztitmzix. mtm i ru- hmz%Mz 

«*M:8H!W 6* -f y *HK t . 

MESS 1 TU- 1 TV- h«ES:4JS 

■$-48? i ru- h«sfi40Bt , 

m«£A?&, mtElfS l TV- h«jE#flf&CEE* T± 
*>f -j-f-EIKgrtfyStf*.^ -yf*|«!HIIIi:*flliT 
[i*£E8] A*i:aS*ttS:^tftaLJt2oWR 

v- h®kvmzw.mzmmzti. +ray- kjWIea 

•y 7 t EHK^;froAflt=S«S^-*J«>3l l SftlSV 
fls^-WCS^i. WIE»iru-MRt«nE»27 , U- 

miKtimw*mm : f-*z4 'yy-mmizmtxm 

mem i tv- bmzm-t&m 1 ru- hSE*^ 
■r5S5irw-h«E«±iii»fc, 

•r*, frismirix-hmffj; , 5ffi^ii27v-h«j± 
mi&%Mmm . pmos h 5 y j:t/nMos h 5 y 

buIBpHOS Yyy>Jx9 OMMli . WECtttfctMl $ 
ft, 

HfflSnMOS h5y^ coa«(i . MSSJfMUcStt § il 

nmm 1 0 ] is^iS7 tt:itmm8tffi<wtm# 

[000 1] 
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[0002] 

SRAM (Nonvolatile Static Random Access Memory) if 
10 tfgg£iVO">l> (T.Miwa et al. in Proc. of CICC, Ma 
y 2000, ppIOO-200) . 01 9te, * 
V0)X*V-b>l>&7jkLX^&. 
[0 003] X*0*MZ. kjJbtiUlb&ZWZ®® 
Lfc2o<0CHE-f 1 a, 1 bTfltJSSilfc?'? 

f-EB3 t . CMOS-f la, 1 b<9A7V-F 

n, mzztiz'timmztitz&m^ft* 3 a . 

3bt, A^jy-HN. NXfct'-yhttBL, BLXIC-tfl-Wl 

Ci*h7yvX^4a, 4b*W-Mi. 7-FttUUC 
20 «83*lTV^>. 

[0004] Z\<F>X^)*.)VX\$. 7-yf-0B2t#^ 

fc, CMOS-f yy<-^ la. 1 bcoA7jmffli. »B^ffi 

tC$ni». -t^hib. HtMtW3a, 3bO 

—51fy yf-E]B2 teStfll S a 4 <i* . i WUfWi . 

30 [0005] OT, «^SAB#<0PSffl5:giB^s . ± 
■f. mnmft*^;^? 3 a . 3 b^7V- F1EPL 
* { . «tMEVSS (OV) {cllJt^ii, 5-yf-(fllB2$r^ 

m-&aos4 yrt-9 1 a. 1 b izmmEmaxx/ 
msjwssmittistLS. mmmv^>* 3 a . 

3btt. ft&mtzttlSLX&M.mtfi&tt'tTVh. § 
fiffl* { A# 3 a(i, gftflC0/h$ 

V^3SSWI(*^fA'^^^ 3 btcJt^TlffiWi^t^A 1 * 

tS. Zcr>mS.mi. W$k<rmkbbi>1,Zy»/1-®'fa2 

ixi>. tick*,* mm<vmmnT-?m$iztiz>. 

[0006] 

[ LXobtimm) mMcoftxv&zmMm 

EVDD**±#-r&fc. 7-yf-@B2<0y-HN, NXJi, CM 

0S4 yA-?l a, 1 bopMosh^y^^^^Lta: 

}S»VDD*>^^^^it3ti:$ixl,. y-KN. NXCO 

®^f{i. CMCS^fyyN'-^l a. 1 b<7)nM0Sh7y^X^ 

50 *ffiots, y-KN. NxwuLEtt. pMosh^yy'x^ 
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tSXVtWSbyyitXfWJ-fmfct. y-KN, NX 
<7)WZ£*)&£&. mtU. QDS-f yA-?l a, 1 
b OpMOS YyVitX? Ogflffimff** , A Vth= 80mV{£ £> 

-7VSIB. -tfffliS-fS ( S7r^^=80mVS:{5 
. OKE-f a, 1 bOnMOSh^^v^^tfO 

[0007] y — HN, NXcOSfi ( y- FN, NXfc-eft-f* 10 
Vn=Qn/Cn=(InXO. 5E-3)/Cn=0.25(V] 
Vnx=Qnx/Cnx=(lnxX0. 5E-3)/Cnx=0. 1 [V] 

«E<0_L#CJ: 9 . ft»«ty-HMJ4«SgaiEVDD (§i 

am ic«ro. y-FNxwg«mj±vss (nim k 

[0 0 0 9] LfrLWfib. **, 3F£gfiO?c$V">y 
— KN(i, 3E«B«a*<ftif^i6. Ifi^ST'tcST 

tb. l&m"ri l Z%:&KZX'$>&. -fttbh. 019^ 

is, S-3fc'J3 - /HWWi . nMOS h 7 y i>'y. ? coraem 
[ooio] ^wiwu, aasn** -v^oa 

©frffiSrfiJffl L?ty * 'J -te^iS <ktf 5 «y f-®S3<7) 'J 3- 
5- mmz'fi oztlzfoz. 

[00 11] 

«s*vo*s. mmnmiimizy -yj-mmzmztix 

AS^te, !*!*.{£, VX^7 y^HIKi;XV-7'7 yf- 

h. 

[ 0 0 1 2 ] » 1 rv- vw&j%>mmt. s? 1 r u- 



30 



40 



(4) 1t^2 0 0 3-2 0 34 7 5 

6 

*/t«S83itT^45feStflt^-^''«^3a, 3b£-& 
tr) *%%-fhlEM.r>W3iZ. **ve*iin=lnA. inx=o. 

nHOSh^V^X^O'J-^flBSOS-C**. y- 
KN, NXO^i ( 341511:^ -va'v-^ 3 a, 3 b** 
ts) £\ -?-fl-mCn=200fF, Cnx=50fFttl> . 
[0008] CicOi: £ „ «S<^ftA*»4>0.5isft<oy- 
HN» NXcomBEVn. VnxJi, ftjX; ( 1 ) , ( 2 ) 
S. 

( 1 ) 

•••• (2) 

S8fifcJCtT±#t6. t%b*>. 2oWN'-y7rESS(c 

ffia, K^zmmtz. 

[ooi3] x-t ■y^vimmwt. wamxBt. m 1 

^^OiSttftClESLT^yL, A'-yyrlslKcomW 

«ffiiffl^LTv^/cw. ?>?3-®mz\mKh%mz 

milZ7y1~®&£&ftZtLXWzT-?iffimZtl 

[0014] M$32 , ff*JS50^«:««II18§feJ: 
l>'tt*iR 8 cO^SWsy * 'J Tli , 2 o<7)y \' -y 7 r E88O 

MStm27V-hHi: <mizWM£8»& tlX V M. . 

20COS? 1 gujmfMf^ts/^ *iasw-*+ray- h 

v- H%tconHzw.mzmmztix^&. 20^25$ 
sw** + / 9 twm-h +p H i y - m . a 7 7 r in 

nmgftmtLxtsmztix^z. *%mny-y^-mn 
tojizfimnmwsfii. mm, -?x?y~,y-^ 

tot ^ V- 7 y v f-tHlgg fc &i«a$tK LfcEttlilB(c*J 

1 0 0 1 5 j » 1 rix- vm&^mmt. % 1 7V- 

-MHE»^ii]»ii. mMcoikxfrmfccomm. %2 
ris-hmzm??>m27u-bm&z±&?& . z 

comm. *2ri"-h«Ett, IS17V-MEJ:0[K 

mm. mmmmvzmfeztix^z. mmmkx 

A-y^v^co+f^y- h*omEfcJ:U i '|g23$!M«s d f-v^^ 
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[ o o 1 6 ] x-< -y^Mfflnuss^, mmco&Mk, mi 

TU-Y-n&i}Wi%.W±£X'±WLtztZlz. XA -yf- 
MttHI^fciStt-ffrfa. *4 vf-EIRKi. XA-y^Vffl 

^SrWWRfcSa-f*. <r<Ot#, A'.y7r|IIS8tf>A:fi 

*t"twi-T-*a t »&&ii'i4. i<o*s». mji^jg 10 

[0017] mm 3. »#«6tf>^tt*«EIIM3.J: 
l^S*«9^mi*^tUT'{i. #/<»7rlHIW4, pM 
0Sbyyi'X?i3£V : nmhyy~sX7frt > %&CW&A 

y^-?Z'ffitft£ixx\^. pmvyy~yx9<r>v-x 

J4. *-f -yf-H|»^LT«JBaiCSaSil. pMOShy 

yy7^»y-xii x-f •yf-0SS$:^LTS«lt« 

nM0Sh7yv'X><7)ffl»4, ftJfttRteffi&Sfl. 20 

izt m± s*u hyyax? <nmm ( 5 * 

[00 18] M*JHl O0>¥»fM*yCtt. *4 yf- 
[00 19] 

m^xmitt . m i a. wj^m i ohjs»®S:* so 
^^Kteeawi, iwwn*»j:viir*«3fc 

@bw±. mru-Mgfl38£iii»i o. x4 -y^ffii 
SKI 2. i3J:iqF»56tt7«yf-EI»i4t*LT^ 
&. 1 7V- hSEfg^lllK 1 0(4. Sil&EVDDfc: 
!6fC»iru-MtflEPL1^4«-*-6. XA -y^Um 
m^l 2(4, »iru-MlffllltJ6tTffl»0^'f 
•y-f-WIWflSWK. EN££|frf&. *Jt(C"X"A%<fI-f 
(4, JUftS£*l/C^*. 40 
[00 20] T^mmy-yy-mi 4(4. ATJtffiTJi 
fcSWcSMW: 2OC0CKM y*-9 (A'.y7T0 
K) 14a. 14b$r^-r^7-yf-0S814c, pMOSb 
yy : JX9frht!lhX4 'yf-BSSl 4d. nMOSh?^' 
XrJ^&SXW yf-0?§14e, 
1 4 f . 1 4 g, fc«tVCMOSX>f yf-1 4h. 1 4 i £ 
WLTVM,. CMOS-Y yA-* 14 a. 1 4 b «r«MW-& 
pM0Sh5V> f X^*5 t k^nM0Sh5>'^^S«<4, f 

[ 0 0 2 1 ] >U -yf-EISS 1 4 d(4, CMOS'f yA-? 1 50 



^2003-203475 
8 

4a. lAbcrypW&hyy'Jx^W-X {.W&Wf) 

zmmmmz&mti. xa -yf-mssi 4 e(4, cmos 

'(yA-^Ha. 1 4bOnH0Sh7> / > ; X^tf0V-X. 
(1KBWFP) Sr««!«VSSK«MJW-4. SlttWMF-W* 
i'? 1 4 f 14, y W 1 4 a<DA?V- 

KNfc««$iX, flWrU- MBPLllC«8SilTH 
6. ^nV? 1 4 g(4, — SBjWMOSW 

* 1 4 bc7)A^y-KNXt:ig^$*u wri/- htK 
PLlfcSttSivO^. awtf***^* 1 4 f , 1 

4 gt#jpuc^wwi6]§{4. tswm&^x^h. 

[00 22] CHOSX-f >yf-14h(4. ^»&tt7-yf-@ 
SSI 4<9A:*JIN&CM0S4 W\'-* 1 4 aOA*/-HN 
& . CMOS* 4 >y f - 1 4 h (4 . 7U v9 ft^CK'*>' 
fSU^vU ( = y a y ? H-f CKX^K/U) <7) t £ CC* 
yf £>. CMOSX-f -yf - 1 4 i 14, CMOS-f yj^-9 1 4 b 
^tt!7J$rCM0S^ y^-9 1 4 aOA*fctMW*. CMOS 
^•yfHilj, ^□•y^fl^-CK^"ftU'<;K = ^ D 

[0023]H2{4,mi ^JfiJB.«<O^If*cmWlHlB 

tt7«yfdlffSl4{4. WWl"H"*ftfirLTV^. ; 

CM0S4 yA-^Hali, ftl^^l/SrlU^ L, 
CMOS-f y^-9 1 4 b(4, ffiU^USrtb^LT^S. * 
LT, miT'U-MtEPLl^ffiK 

i<0tt*. 3fi»««c^^^^^ 1 4 f . 1 4 g 
«4, H 1 iZvjkLtzJ: ? (c, (^EncoiPi^ ) {4, 

5^tR«tc*4. Cl^K-(4. M$©fc*^Wl 
4 f . 1 4 g^lflCMKtl.WlJ. ^^i^-' 
ix50fF, 200fFfcU J— KN, fcfcfc 
5fFfM>. 

[0024] mjg«OSABr. ? a v ^fi-tCK. CKX(4. 

7 y f-HISS 1 4 c WCMOS-f 14a, 14b 

{47 -f - KA'-y ^/Iz-rSr^SL-C^*. % 1 ru-Y 

nEftzmm ot4. «aiwEVDDtcjaa!LT*iru 

comS«EVDD (Mitf, 3.3V) 4"T±#-f4. X-f y 

^mmm^i 2<4, msepli^±#l-t^ 
&«8S, %VK)V<nxA vi-fflfflimEmti&uK/w 
xa y^mmmmmanj-ri. mvowxA y+m 

WmmMti£t/i&l"<J),<?)XA -yf^Wfi-^ENtJ: 
0, X-f -yf-mffil 4 d. 1 4 e(4^7-fl.. 
i6, TOMMVDO*jJ:^«ffi«EVSStt. 5-yf-BBl4 
c tlflaftSitl*. y 7 f-0» 1 4 c OCMOS-f 1 
4a. 14bl&mWtZtlh. Uc^'oT, -/— H 

n, nx«7d— riynztch. 
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[0025] CMOS-fyA'-? 14a, 14bCDpMDSb7 
y-JXf&i. nMOS h 7 V : JX 7<7mmz\& , * il^fl 
'tiSmEVDDfe J: lfl^«Evss*ntt««*&$ fiT V i * . 
ZCDfclh, X4 -yf-IUSS 14 d. 14e*^7LTV^S 

mate 5 7fT7 7>m-r a i t jWBjhsn * . a« 
m***;^* 1 4 f , 14 -yry 

£4 9. 7 — KN. NXc^JEtt, Hl7V-hmEPLl<7) 

±#t 1 1 k±jw-s . as i r u - h«EPLi 

EfcVDD (3.3V) ^T*±#L7tfc^tC. /-KN?)mEtt, 
3V (3.3Vx50fF/ (5fF + 50fF))fc&>5. 7- KNXcof; 10 
Ett. 3.22V (3.3VX200fF/ (5fF+200fF))C^rl>. 
[0 0 26] XA -/=fVmWk \ 2(4. 81 TV- MS 

EPLi7!i<its«ffvDD*-e±#u^m. xa -y^-mmm 

EN, ENX&*fl<?fti§U'*syk ffil^WCSHM-*. -r 
cOS£-ftl3j; 0. 'li««SVDDfcJ;JA'1gii!i'SEVSS*»\ 7-y 
?« 1 4 c (7)CM0S>f yrt-f 1 4 a, 14b (C&if&S 
fl. CM0S4 VA'-^ 14 a, 14 bj5*Stt<fct*. CMOS 
-fy/N*-^14a, 1 4 bOATJT-FN. NX(4. ±$ 
Lfc 4 0 (C22MWXEE& ( # 7 -fe -y h «E ) Sr^fLT 
^4. 5-yf-HIB14ctt, .1 0«E££J«1fir 1>. * 20 

muz. y-HNJom£E{if$ti6«Evss (in") 

9. NX<D«;E(4. *®«EVDD (f&S"H") (C&|>. 
8*. WK#*t^^ 1 4 f , 14 gco»B^St 
fcfcfcr-**^ y f-HIffi 1 4 c £R*&g*U . "t* 

*>t> . »j n -/hm#c 4 o s mm<vmmiz ? * * b» 

[ 0 0 2 7 ] II 3 tt. W, 1 ollM^^gftftWElB 
<?)S'J«»^$-^LTV%S. dcofiRJ-Cii. SI1TV-MS 
SJ^HIBl 0(4, «iS«EVDD (3.3V) 4 9iS^fiSl 
71/- httEPLl (VDDH=3.6V) 30 
CM0S4 XA'-? 14 a, 14 btfjgttffrf ifiroAflT" 
-FN, NXtOtfT-fey hSEtt, H2cOi§£4 9A#< 
=flrS. l#l7V-h-«EPLl$:10%«<iS«-ri.fc, *7 
■b-y MffiilCWBfcrt-S. £«Ofc*>, 'J3-/HMM: 

[ 0 0 2 8 ] Srfc , j0kO7Mtt9 v 1 4 A\ 

•y^HBl 4fc&3l<DX>f -yf-EKl 4 d, 14e« 
iStiCtt. *^m«HlS§0^-y7 t ^X5r/h$< 

JXL. *HSS^ffiT1i, iit^f^y? 1 40 

4f. i4g<?)Sft^y7-'j yy^mmmLx. y-y 

f-HIK 1 4 c £fffr£-f & 2o<?)CM0S'f WW 1 4 a , 
VDDfc4tf&timEVSSKM0S-'f>"yWl4a. 14b 

[0029] CM0S--f yA'-? 14 a-, 14 bcOpMOSh y 
yi?Xfti£V ! nmh7>i?X?&mt:. WltfMKi 



4^2 003-2 0 34 7 5 
1 0 

0454, *JMB<0»2<05OtJett*^L'C^*. 
MBIBUU IWS«2«J:t«IWOT3<c*f«LTV^. 8 

1 ^utesn-tRfflL^niK • mh h-«br • (i^ 

to^T(4, PI— O^Sr-ftL. dftHKowCtt. If 

[0030] znmmmx'it. m 1 

fltt? >yf-HlSS 1 4 (c3$!tifMr-W"V:y- 16a, 16 

b jwaans ax , ^wat? 7 f-inB 1 6 aggassivc 

o?.. fiS2ru-h^EPL2£4ifi£-fS2iS27V 

U. jr 1 commmmt m-x-h h , ttcfrh , ^»«tt 

y v f-088 1 6 (4, CMOS-f XA- ^ 1 4 a , 14b T't» 
jSS^7-yf-HIBl 4c, X-i -yf-HISSl 4d, 14 
e , mfftttW'f 1 4 f , 1 4 g . *j Xt/QVSX 
-f-yf-14h. 14 i ^SLT^I.. CM0S>f VA'-^l 
4a. 14b?: ffifiK-f § P M0S b .7 > ! JX 9 ti 4 1/nMOS h 
5 >-yX? c7)^K(4 . ZtLt'izmWMmti 4 tXttSMgv 

[003 1 ] mmfo*Ws? 1 6 att, -StfCMDS 
A 1 4 acOA737- HN(CfgM$il, 

9 1 6 btt. -iS^CMOS-f yj<-f 1 4 btf0A7)7-F 

Nxtftas fi, ww* 2ru-b m?i2wmz tix 

^4. H5(4, 04(C^U^#^tt7-y^[£lBl 6cO 
**<0«EflillI»*^LTV^4. i^PHT'tt, T^Wftfey 
•yf-HKl 6tt, : ! ; •a6t^»l•'H••$•ft»L•CV^|,. 

CMOS-f yy<-^ 1 4 att, nUK/^iii-fjL. CMOS 
14 btt. ffiW^riteftl-TV!). ligco 
iOmc. ^17V-MgE^@Bl 0(4. miru 
-h«EPLl^. &l"<Jl>^ |l/</K IS^WcSMt 
-fS. Sf2rv-h«E«4HI»l 8(4. m27U-h 
«EPL2&. ffil"<./U. «U-^U. (gl/^/Kcgg-fb-r 
4. ^UT. y-HNCOffiK^fcilAV-HNXtOiftW 
fL-fil^I^^-vA'v^ 1 4 f . 1 4 g. 
16 a. 1 6b<DmWftmtLXm&£ilZ>. 

[0032] znmx'it. *mtm>f**iVsf 1 4 f . 

1 4 g . 16a. 16 bc0^ffi^®(C^JE"tl, :s F^ft 
(4. *fl-m50fF, 200fF. 200fF. 50fFt-f|,. ^27° 
L/-h®EPL2S:«iaL3tt §Oy-HN. NXOSdfegfi 
(4. Sl<?55ttt»!Bti:R|«K5fFi:-f4. 06(4. £2 

(7)tSAB#. ^n>y^fi-§-CK. CKXtt. SO^. ffiK 

4c<OCM0S-f yyC-^14a, 1 4 b(47 -f - ¥^-y 9 
)l>-7£Bf8.LX^&. 

[00333 SSl7V-h®Ef8£|2lBl 0(4, Wm. 
iv-M:EPLltt. 0r^c7)«i®mEVDD (Mitf. 3.3V) 
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(7 

1 1 

£X'±%?&. SS27V-h«EfE£EI»18UL W& 
*IFSS££27U-N*EPL2fcl,TiMj'*4. -f&*> 
*>. S?27V-K«Ef&ftlHl881 8ti. ««OtaA*»fe 
4"&< i: tffi 1 /I/- MBEPLl^TOWEVDDKSiart- 
42T'<7>$RL ««L«EVSSe»27 , U-h«ffl»L2t L 

[0 0 34] y^WIIlS&l 2ti. Siru-K 

B>Li* t ±#L'c^&»3ia. -&\s^)\*nx4 -yj-wmm 

K/K7)7.>f •yf-|IJffllfi^ENXtJj:tX(KU'<JK?)^'f 7 10 
^SfJWit-f ENfc «k 0 . X4 -y ^-HlffS 1 4 d . 1 4 e li* 
7 U CMOS-f W<-7 14a, 14 btt^JSteftSix 

I), itztfix. y— fn. NXti7o-- f-f 
4. 

[00 35] CM0S-f>v\'-7l4a. 14b<7)pM0Sh7 
yyV^U itfnMOS hy>'JA?cr>mmzli. *tl?tl 
mmi± VDDfc i «tfi«EVSS**iM8ffil& § *lT V t * . 
Z.V>tdh, X4 -yf-HIKl 4 d. 14e^7U^S 
JWC 5 y f-T y 7"#3&£-f & £ t *<Bft±Sn* . 7- 
KN<DtEti, ^mffr* ^aV? 1 4 f „ 1 6 a (- 20 

iri/-MBEPLl<0±#ttt,t±#tS. 7-KNX 
WtSEJi, SMftt^ftAV^ 14g, 16b {—ft<n 

mmm.mv^i'?) v^mmizmtx . m\r 

ISPLl^iigfltEVDD (3.3V) 4f±#Ufct*t. 7 
-KNWEEfi. 0.65V (3.3VX50fF/ (5fF+50fF+200 
fF) 7-KNX<7)flE{i. 2.59V (3.3VX200fF/ 

(5fF+50fF+200fF)H;:&4. -f&£>*>. mnnfr** 

Ay^ 1 4 f , 1 6 afcit/riStM-f A-y^ 1 4 30 

g, ltb&ttittiwmtzmLL, tafias- 

7— KN. NXK-fiU'ilBNK-rftClfC. 7— FN. NXO 
«EH (jj-7-b y K«E) (i. l.84Vfc;HlK:**<$r 
4. 

[0036] cat*. & i commmmk fwtz* *-r » 

f^mtS^rEK ENX£**l<f*lftK;k ffiU^WCSE 
ft LT . CMOS-f yj<-f 14a. 14b /ftgftftSit 
4. 7-y^-HI8S14cti. 1.84VwmEHS:tSfll,, 7 
-KNOHSEttffiflSttEvssfc^rO, NX<D«Ef;£. mmn 
ESmzftZ, . .lOSSH, SSf^fc^-v-AV? 1 4 f . 40 
14g. 16 a. 1 ebeMflttmizmttzT-ftfy 
■y^EI»14cfc:Sfc*a4<t4. -t&*>*>, US-sUM 
fW=J: 0 , mi®^iilBriIlC7 y f-0l» 1 4 c tft»Sit 

TvvtT-?*qpji£ft4. 

i o o 3 7 ] @7ii. ±MLtz*mimmm<?)Mv>® 

ftt*Lx^&. zcomxn. miTis-hW£&&® 

»1 Oti. «lS«EVDD (3.3V) J: 0ftV^17V-h 
mEPLl (VDDH=3.6V) £4j£-f4. ZCOtzfr. CMOS-'f V 
A'-? 14 a. 14 btf^ft-f 4ii5<0A;*)7-KN. N 
Xc05f7-t-y hmffii. H6J;'97;I I <T'§. 50 



#1182003-203475 
1 2 

[0038] $r*i, a8!«?)^»^tt7 -yf-IUSS 1 6#>\ 

*mmm®$mizBf8.ztiz>i§&. zt&pmmtf 

'yf-®&l6l,Z*m<7)X-4 -yf-|IIKl4d. 1 4 e £jg 

jaw* i t t. *»*mwiHifso^ -y tim < 

mmtm®<m%m&ztffX'Z$>. $uz, znm 
wmwi. mnzmmzixfcWsn9.#*v^i'f 1 4 

f , 1 6 a (-ttomSHKfr* ) fcil/SSi 

IftfMr+Ay* 1 4 g. 16b 25*8W«! 

5:-eiX-fixCM0S'fyA'-^14a. 1 4 bcOA^Jt^ 

•y bmE£*£ < . «aa«MfiBrUt: 7 7 f-ia» 1 4 

c tftftS tLT V *f-^ Sr S (C«III(CSJ1T'# 4 . 
[0039] H8(i. *«HB«S 3<0HJBBJB*^LT 

ov^TJi. RHOrRDfrm-t 4. i<^«|JB«-C(i. 

^f*^0K«. mi7V-hmE^ft[lI8&l 0, 7. 
-f •y*M«a»12. feJ:V»»tt5'yf-HI»2 0i:^ 
»^tt7 7 ^0S§ 1 4 t !W«tt«faSftfc D 7 'J 7 T7 
n-y7*|ilH^LT^4. *WMt5-yf-EI»2 0{4, 7 
7^HIK2 0a. CH3SX4 7f2 0b, fcJ:lfCM0S7^ 
yf-2 0c2:^L-CV%4. 

[0040] 5 7^-0852 Oall 2OOCM0S-<>'yN'- 
^OA^ttii7JtSri:vH^ggtT^fi!c§iXT^4. CM 
OS^-f yf- 2 0 bli. A*<t^IN* 5 •yf-0»2 0 at 
&vkt&. CMOSXW 7f-2 0c<i. 7 7f-[HlK2 0bO 
7 4 - HA 7 7/l/-7-£tg&-f4 . »^tti7 y f-0S82 
Oti. "7X^5 7^-mS8fcLT»ftU ^»^7 7f- 
0SS14{4. XW-7*7 7^HIKtUTil^4. -f=5r 
bh. mMcr>mHmcr)X U-fy 7f-0«5Of-^A i . 

[0041] z<vmmmmzn\,\xi>. iMttimico 
mmmmmcrmmnhzktfX'Zi. i9«. * 

!iW<Jl4& ilflBWSf 6KWiELT^4. mifcil^H 
3WSWBB!B"CR^L?tlilB5 ■ d^tR-^IUSS ■ (t^- 

[0042] zcommmmn. *mmm®m±. m 

1 7V- b WBM&mR 10.7-^7 f-MfflBK 1 2 . 
fciOTIM? 7 f-lUSS 1 4 fc iWfctt 5 7 f-HIR 2 0 

fc*«il«»«S*lfcD 7 'J 77*7 D •yJWttHLXK 

4. ^»^1t7 7f-H]Kl4a. -?X?y-/+m&kL 
TiJftL-, »«tt5-yf-0»2OJ4, xu-y^yf-m 
ffitLTBfM-4. -f**>%. 
yf-dlSSOT-^^. TOtfO&AfJHC*r2&£&4. 
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[0 04 3] Hi 0(i, #fMco3l503l»®£^L 
T V , C coHiW.fifi . J: l/»S 6 C*f 

JSUT ^4 . m 1 *$ J:tfgS3 ^HeBSTRfflU^GIK 

tt? v ^-H]S# 1 4 D 7 y 7 7'7 a 7 7" 

4. 

[ 0 0 4 4 ] II 1 Hi, *^BH«0^6OHt6^®Sr^L 
W. caJtftJBWi. IWSI5*jJ:WBI«a6ic« 

■ imtm-^mz ■ flwicovvni. w-wwfeff 

¥*fttJMf[nJB(i. SfU7*U-h«E5££ 
EIRlO.^-jr f-ftlfMB 1 2 . 312 TV- M»E» 
±BB 1 8 . t$ ± JS?&tt5 7 ^-088 2 0 fc 
•/+0B16t tlfz D 7 'J 7 7*7 D >y 7(2] 

RMTUTH*. »*tt5 7f-ESS2 0«. 7X^7 7 
•f-EI&fcLTlWtsU ^»»tt7-yf-HIB516U. 7.U 
-75vif-[IJ8&>LTlJjf1^4„ -ffrfcfc. 1ES*>£ff 

OTCox u-77 7 iMui?i<7)T-^*\ 

[0045] 352 TV- h«BE»4ig» 1 8(i. ItSK) 
SA*^^< t (>$ 1 7V- hUEPLltftMCEVN) 

csart 42?<d», «tr«fiEvss£S527v- ms 
j±PL2iLTtt!7j-ri». cKosaessKtiv^Tt. ±a 
uzm i commmmt mmmm&m z t 4 . 
[ o o 4 6 ] hi 2t±, ^m^7<nmmmi^L 

JELTV%4,,3l2iJj:tfg56 coHS&JgJiTiBHJI Lfc @S& 
• It^fcH-^HIB • flHHcovvCli, H-<0flF9S:ft 
U ;tifl:o^T(i. »«I^aBBt«flS-t6. con 
ffiEJBTIi. ¥«ttftfKDftM:. SSiru-mEfM- 
SffS 1 0 . X4 y f-fflWEIK 1 2 , S2 7*U- MBBSfe 
£i?J§ 1 8 . ts£rpm?my vy-W 1 6 1»«7 
•y f-Eft 2 0 #$Siftg£g$ flfc D 7 y 7 77 a 7 7TH 
Btr#LT^4. T-m%.m-y*Wl 6tt. 
■y^Sffit LTt&ftU 7^-0882 Ote, XI/ 

-7yv1-m&t LTftofcti. -ftth-h, f&BfliWk 
wlc?)~'Xf y 7 f - @8S<0t- * «BojftA«t:«Sft 

as 2 vmmmt mmcowm 4 c t 4 . 

[ 0 0 4 7 ] HI 3(1, *^Bf)^8«|Q^®&^L 



(8) ^2003-203475 

1 4 

• «^tp-<o0» • mmz^xu. w-»i»tft 

ElSglO, X>f vfHHMDIRl 2, S2TU-MIE5I 
8. fcj:lf2oWSHf77«l 6*qg 

^it^$ii/cD7y y^o-yrDantrirurv^. t 
10 yy 7 f-EBso-r - ^ *\ nmnm&z. 1 1 
2<r>mnmmt mm^^mi z tare* h . 

[ 0 0 4 8 ] H 1 4 (i . *%Bflc7)^ 9 cOHMM^ L 
Tv^4. £0»mm. M*g7«J:rtNRftiR9(c*f 
JCLTV^. SlOSIiBBJB-CKH^LtlilK ■ fi^fcR 

tt. *% B J(i, W&ttSRAMC: jSffl $ at ^ 4 . 

esRAM(i, m 1 7V- M:je^088 1 o . xa *m 
20 2 . *3J;u : ^co^ ; ey-fe^Mc^wt4^ ; Ey 

^ttSRAMti;. THUXfi-^fcilA'Sllffllfi^cOA^iniSS. 

AT-'n-r. -lr>7.Ty7^f<7)IllS8$-*l,TV\4. 
[0 04 9] ^y-fe^MCJi. A^tttJ^JtSrSVHc^ 
^U^2Otf0CM0S^y^'-^ (SIEEK) 14a. 14 
t>SMftf45 7^0811 4c, pMOSh^y^'X^*^^ 
47,-f 7^-[IISS14cl. vW&yyVi/Xffrt&hXA 
30 7f0Bl4e < 5S!Mft d f+''^^14f . 14g. 
tiXX/^XA 7f22a, 2 2b^*LTV^4„ CMOS 
-i 14 a, 1 4b$:«-f-4pM0Sh7>v : X^ 

fc J: l/'nMOS h 7 y i>'7> ? «3l«(i s f fi-CHWIVDD 

[00 50] X-f 7^-0881 4 dli. CM0S4 yj<-f 1 
4a. 14 bOpMOSh^yv^^V-X (IKf) 
SHasaVDDfcSfaffS. X>f 7f-EI8S14eW s CMOS 
-fyA-^14a, 1 4bc7)nM0Sh7V^^£7)y-7. 

40 is? 1 4 f fi. -Jg^'CMOS^ 1 4 a^ATV- 

4. mmfo* J r><i'? 1 4 g»i. -igA<CM0S-f >J<- 
? 1 4 b<7)A737- FNXfcfiffcSiT.. 
PLl^^$iX-CV^4. 

[ 0 0 5 1 ] 7f2 2ali, 7-KN^b' yh 

tSffiUcSSR-f*. teiMx^f 7f-2 2b«. 7-h'NX^h' 
7 hSBLXttSa'ti. m&X4 7 f2 2a, 22b 

50 BLXiC«&£*T-*#«te3fu 7-h'«*5| 
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(9 

1 5 

HJ . 5 v f-HISS 1 4 c left* Siaftfcf - ? (2 ft$ £ft 
[0052] VXOBBffflC. miTU- MBEPL1** 

<2\ y-KNcosu-^ (tig-H") fcj:tf/-KNx<o(8 

4f , 14g<0»®#«iL-TSS&ift.S. *UT, 10 

h.i-%b*). 7 7f-0ffil4ccOCMOS-fyA-^14 
a, 14bli7^-FA' 7 7;l~7JWn. -ICO 

a. IlliaJtiraJIfcnaUc. SP5iru-h«EE^m 
» 1 0 li, •fflflflEfcitaLTSB 1 7V- h«JEPLl£ 
tetotl. MBBWI***^^ I4f. 14 giD^fttf 
•y T 'J VTWmz y - FN, NXtfOiffii . $ 1 7° 

[ 0 0 5 3 ] -yf-$IJ»[lIS5 1 212, 1 7V- Kt 20 
EPLl*««SmEEVDDi-C±#L3tm. X-f -y^Wf!^ 
EN, ENXSr-eft-mKl^K {SK/WC^P/fl.. C 

mtiUzi. o , CMOS-f yys- ^ 1 4 a , 1 4 b tfigttfl: 

■f&. 5-y^-@g§l 4 c {2, y— FN, NXfJSEUfclB 

[0 0 54] iOlSSfieSSKtJV^Tfc. -B£Uc!tSlcD 
SMSi ffiStoS&Sfcf** i t ifiX'% h . II 1 5 (2, 

(2, lt*JS9, tt^Jfl 0tC*tlSl/O*4. 30 

H 1 *3 J:ro90ltllfflfll'CN91 Lfc0B& • fi-f- 1 |S|- 
<9®88 • «*tCOWCtt. H-tftfWtfU iftWc 

WLD, miTU- MgEf6±l3J8l 0. X4 yf-fflMB 
Kl 2, X4 7 J M3S&14 d, Ue.fflSWt'Jt 

^Effil/OfcWLT^S. #3MH(i. X-f 7*0&14 

d, 14e^a«0^tU-fe;WIC-Cft*§ilTO5C:i: 40 

CftaSrWL/O**. -yf-HSH 4 d, 1 4e«H 

7-F». mi 7V- F®EPLltf>fiM6l8L fc«fc 

tfHiUftJ&sgNDD. nss(2, H<?D«l*r*ifc:©oT^ j ei;-fe 

Jl/HCfc883;fvO>4. ^»&ttSRAMJ2, BRSUtJa* 
[00 56] HI 6(2, ^D-te/UMC^pJffl^LTU 50 



#132 0 0 3-2 0 34 7 5 
1 6 

oeDCMCM yy\"-? (RisHlSS) 1 4 a, % 1 4 b 

57 7-fBSSl4c^f^f!(s^^NV^l 4 f . 14 

g. &£Xf9mm 7f-2 2a, 2 2b£#LTH*. 

^mmmco* * »j -tr/wcte , x>r 7 f-mss 1 4 d , 1 

^h-tMXt2'N*<&»5, -X^'J-fe^TMALYWU'f 
T "7 h 1M X{2/Jn§ (I OtS*. ^«^ttSRAMc7) 
f-7T^X^jN$<-C*^S. 
[0057] WflttSRAMCOijfm, ±j£Lfc»90H 

®&Zbtf?%&. Jtt:, £<osatgBSRTli. x>f 7 

f-EIffi 1 4 d . 1 4 e SraiSjcT)^ * 'J -fcyWTCT** L 
/t. Zcotztb. * ; t l J-fe/PMCS9^-f7'7H- , MX£/h$ 
< s ^»^ttSRAMc7)^- 7 7°-? -f X=&/Js$ < f ^ S . 

[0058] ni7{2, *mi(?>mi inmwm.** 

*fJ6l/0*6.*2*»J:WH9 OSQIfiBIITBni L El 
S8-ft-f-tP]-<?)|l]K-fl^co^Tl2, H-SO^^ 

S . ^»^ttSRAM(2 , IS 1 71/- hSE«±HI» 1 0 , 
X4 y^J1iP0lf8l 2, S52ru-h«E38&EI»l 

-f $-*LTV->§ 3 mzm*LX\^W. ^JS^ttSRAH 
(2, 7h*UX^4J«tt^!lfflHi^<0A*ig». f-^co 
AtiJTJlHjSS, MSPIi^-rn-K-tftavyH^a- 

-feyx7yr^nis#^*LTv^„ 
[0059] y^y-fe;PMC(2, m9cr>mmmm (Hi 

4)^*1) -fe^MCK^^I^df -V ' 16a, 16 
bfriiJnLT»«S*l.TV^. 3SSHI(*c^-v>NV^ 1 6 
a(2, -ffl^'CMOS-f yy<-^ 1 4 acOA7Jy-HN(Ctg 

K 5 ti , 2 r u- h «PL2fc:SEa ZtiX^l. 

fttrntk**'**/? 1 6 b{2, -ffljWMB-f yA*-^ 1 
4 bfiOATjy- KNXK«8;S*U M*^2 7V- h« 

mtn-x-hi. 

[0060] IMUcT^WfmSRMX-li. m$&*mft 

MflC, S9«05at»JBtH«(C«ffl|<Ob*-yH8BL. BLX 

fflffl^S#a^r-^{2, KiMx^f 7^-2 2 
a. 22b*'frlX?v1-®m4c£m%&&tll. 

mmssDim^mmmmmmixx^m. 5? 

[006 1 ] iMBtfSSSrHfc: . ^ l ru- h«JEPLl*j 
<t^27 , u-hmffPL2*<®K;U, KW^/W, ffib 
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1 7 

?14f. 14g. 16 a. 1 6 bomgft&b LTS 

i&UKMzm^ti, CMOS-f yA-? 14 a. 1 4 b(i 

JBKSt [5l«liC. 31 2 TV- MEEPL2£«ift«EVSSCffl 
3tUfc«»-C, SS17U-Mt£EPLl*«J:#S*i.4. * 
SB2 7V-M£E»£igi&i8fcj\ masfcoaA 
*>4>d«ar< t in i tv- hmEPLi^mMmEVDDtPi 

fcucafcw*. y-KNomffii, aBWWMf^tS" 

^14f, 16a JfcJC tt . » 1 TV- hm 

EEPLlo±#ii:t,lc±IW-4. T-KNXcoSEii. 8 
iftttt* -W>V:? 1 4 g . 16 b*)g*#lFJtc(BtT . 
31 1 TV- h'lEPLl«±#t fc t . 

[ o o 6 2 ] £ i tv- i-msfiwmwmsmt x-± 

A'-? 14 a. 14b^gffi-ftL. 5 7fllIB14c 
li. T-FN. NW)«EH£:i»HU WWaHBfflfc:.* 
t'J-fc ;MCC«1* S ftT v vfc t-? & . Z con 

[ 0 0 6 3 ] 0 1 8<i, W/^fji i 2 OXfBBflg*^ 

■Komtmmx'iz. t^v-tMcnWimz&MX. ±m 
Ltz&i o<vmmm.tm-'X'hh. -ttchh. ^mt 

ttSRAMtt. WcHSL/tWfirv^. HI 5H^L7tT- 

3Sl7V-|-'ttE^£®S&l 0, 7.4 
■y?#I»lll»l 2 , 74 vf-IUKl 4 d . 14e,i| 
<T)A ^ U -tr/PMCS: & ^ ^ 'J U 4 ALV . tJ J: tX 

[00 64] .Xt'J-fe/VMCli, HI OWSiil (HI 
6 ) (O^tU-fe/l/MCtCSWrK*^ fAV^ 16 a. 16 
bfci6flnLT#jfc$fve^.&. HRl**-*"'^ 1 6 
aii, -SSStfCMM yA-? 1 4 aCDATJT- KNfcft 

9fflKfr**''<$'? 1 6 btt, — ^CMOSW yA'-^ 1 
4 bcDA^T-FNXlCif^ft. ffiJg#3S2TV- h& 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor integrated circuit and 
semiconductor memory which have the latch circuit which used the ferroelectric 
capacitor. 
[0002] 

[Description of the Prior Art] Generally, since the latch circuit formed in a semiconductor 
integrated circuit is volatility, the data currently held are lost after a power source is 
intercepted. A latch circuit is formed by using the ferroelectric film as a variable-capacity 
capacitor in recent years, and the non-volatile SRAM (Nonvolatile Static Random Access 
Memory) which applied this latch circuit to the memory cell is proposed (T. Miwa et al.in 
Proc.of CICC, May 2000, pp 100-200). Drawing 19 shows the memory cell of this kind 
of semiconductor memory. 

[0003] The memory cell has the latch circuit 3 which consisted of two CMOS inverters 
la and lb which connected the input and the output mutually, the ferroelectric capacitors 
3a and 3b connected to the input nodes N and NX of CMOS inverters la and lb, 
respectively, and the transfer transistors 4a and 4b which connect the input nodes N and 
NX to bit lines BL and BLX, respectively. The gate of the transfer transistors 4a and 4b is 
connected to the word line WL. 

[0004] In this memory cell, as for the data written in the latch circuit 2, after cutoff of a 
power source is held as a remanence of the ferroelectric capacitors 3a and 3b. At the time 
of the charge of a power source, input voltage of CMOS inverters la and lb is made 
imbalance by the capacity difference of the nodes N and NX corresponding to a 
remanence. That is, the data currently held before cutoff of a power source are again 
written in a latch circuit 2 using the remanence of the ferroelectric capacitors 3a and 3b. 
This actuation is called recall actuation. 

[0005] Hereafter, the detail at the time of the charge of a power source is explained. First, 
plate voltage PL of the ferroelectric capacitors 3a and 3b is fixed to the touch-down 
electrical potential difference VSS (0V), and supply voltage VDD and the touch-down 
electrical potential difference VSS are supplied to CMOS inverters la and lb which 
constitute a latch circuit 2. The ferroelectric capacitors 3a and 3b differ in capacity value 
corresponding to the polarization condition. Ferroelectric capacitor 3a with large capacity 
value requires time amount for lifting of an electrical potential difference compared with 
ferroelectric capacitor 3b with small capacity value. For this reason, a very small 
electrical-potential-difference difference arises among Nodes N and NX. The voltage of 
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this electrical-potential-difference difference is amplified in a differential amplifier 
operation of a latch circuit 2 with supply of a power source. And Nodes N and NX are 
eventually fixed to supply voltage VDD or the touch-down electrical potential difference 
VSS. That is, the data before cutoff of a power source are reproduced. 
[0006] 

[Problem(s) to be Solved by the Invention] If supply voltage VDD rises at the time of the 
charge of a power source, the nodes N and NX of a latch circuit 2 will be charged from 
the power-source line VDD through the pMOS transistor of CMOS inverters la and lb, 
respectively. On the other hand, the charge of Nodes N and NX discharges to a grounding 
conductor VSS through the nMOS transistor of CMOS inverters la and lb, respectively. 
When supply voltage VDD is low, the electrical potential difference of Nodes N and NX 
is decided by the leakage current of a pMOS transistor and a nMOS transistor, and 
capacity of Nodes N and NX. For example, the threshold voltage of the pMOS transistor 
of CMOS inverters la and lb presupposes that deltaVth=80mV varies. At this time, the 
single figure leakage current of both the pMOS(s) transistor is different (S factor = 80m V 
is assumed). If [ the threshold voltage of the nMOS transistor of CMOS inverters la and 
1 b ] the same, the charging current of Nodes N and NX will become a value 
corresponding to the leakage current of a pMOS transistor, respectively. 
[0007] The current of the net which charges the capacity (the ferroelectric capacitors 3a 
and 3 b connected to Nodes N and NX, respectively are included) of Nodes N and NX is 
set to In=lnA and Inx=0.1nA, respectively. Here, a net current is the difference of the 
leakage current of a pMOS transistor, and the leakage current of a nMOS transistor in 
each CMOS inverters la and lb. Moreover, capacity (the ferroelectric capacitors 3a and 
3b are included) of Nodes N and NX is set to Cn=200fF and Cnx=50fF, respectively. 
[0008] At this time, the electrical potential differences Vn and Vnx of the nodes N and 
NX 0.5ms after the charge of a power source are expressed with a degree type (1) and 
(2). 

Vn=Qn/Cn=(Inx0.5E-3)/Cn==0.25 [V] (1) 

Vnx=Qnx/Cnx=(Inxx0.5E-3)/Cnx=0.1 [V] (2) 

Actually, since a latch circuit 2 has a magnification function, the difference of electrical 
potential differences Vn and Vnx becomes still larger. In the above-mentioned example, 
by lifting of supply voltage, eventually, Node N becomes supply voltage VDD 
(logic"H"), and Node NX becomes the touch-down electrical potential difference VSS 
(logic "L"). 

[0009] However, essentially, since the node N with large parasitic capacitance has the 
long charging time, it should become logic"L." Since the node NX with small parasitic 
capacitance has the short charging time, it should become logic"H". That is, mistaken 
data will be reproduced in the memory cell shown in drawing 19 by dispersion in the 
threshold voltage of a pMOS transistor. In addition, the mistaken recall actuation is 
generated also by dispersion in the threshold voltage of a nMOS transistor. This kind of 
malfunction generates not only a memory cell but the latch circuit using the remanence of 
a ferroelectric capacitor. 

[0010] The object of this invention is to ensure recall actuation of the memory cell and 

latch circuit using the remanence of a ferroelectric capacitor. 

[0011] 

[Means for Solving the Problem] In the semiconductor integrated circuit of claim 1 and 
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claim 4, and the semiconductor memory of claim 7, the input and output of two buffer 
circuits are connected mutually, and the latch circuit is formed. The end of the 
ferroelectric capacitor of a couple is connected to the input of a buffer circuit, 
respectively. The other end of a ferroelectric capacitor is connected to the 1st plate line. 
The data currently held before cutoff of a power source at the latch circuit are held as a 
remanence of a ferroelectric capacitor. The latch circuit and ferroelectric capacitor of this 
invention are applied to at least one side in the store circuit which carried out cascade 
connection of for example, a master latch circuit and the slave latch circuit, or the 
memory cell of semiconductor memory. 

[0012] The 1st plate voltage generating circuit generates the 1st plate voltage supplied to 
the 1st plate line. The electrical potential difference of the other end of a ferroelectric 
capacitor rises with lifting of the 1st plate voltage after the charge of a power source. The 
electrical potential difference of the end of a ferroelectric capacitor rises according to the 
capacity coupling effectiveness of a ferroelectric capacitor according to the capacity 
value corresponding to polarization of a ferroelectric capacitor. That is, before a power 
source is supplied to two buffer circuits, the electrical potential difference of the input of 
buffer circuits, such as this, is mutually different. 

[0013] After the charge of a power source, a switch control circuit activates a switch 
control signal, when the 1st plate voltage rises to a predetermined electrical potential 
difference. A switching circuit answers activation of a switch control signal, is turned on, 
and connects the power supply terminal of a buffer circuit to a power-source line. Since 
the input voltage of a buffer circuit is different at this time, according to both input 
voltage, logical data is written in a latch circuit. Consequently, the data currently held 
before cutoff of a power source at the latch circuit are reproduced. That is, normal recall 
actuation is performed. 

[0014] In the semiconductor integrated circuit of claim 2 and claim 5, and the 
semiconductor memory of claim 8, the input and output of two buffer circuits are 
connected mutually, and the latch circuit is formed. The 1st ferroelectric capacitor of a 
couple is connected to the serial between the 1st plate line and the 2nd plate line. The 
intermediate node which connects the two 1st ferroelectric capacitors is connected to one 
input of a buffer circuit. The 2nd ferroelectric capacitor of a couple is connected to the 
serial between the 1st plate line and the 2nd plate line. The intermediate node which 
connects the two 2nd ferroelectric capacitors is connected to the input of another side of a 
buffer circuit. The data currently held before cutoff of a power source at the latch circuit 
are held as a remanence of a ferroelectric capacitor. The latch circuit and ferroelectric 
capacitor of this invention are applied to at least one side in the store circuit which carried 
out cascade connection of for example, a master latch circuit and the slave latch circuit, 
or the memory cell of semiconductor memory. 

[0015] The 1st plate voltage generating circuit generates the 1st plate voltage supplied to 
the 1st plate line. The 2nd plate voltage generating circuit generates the 2nd plate voltage 
supplied to a predetermined period and the 2nd plate line from the charge of a power 
source. This period and the 2nd plate voltage are lower than the 1st plate voltage, for 
example, are being fixed to the touch-down electrical potential difference. The electrical 
potential difference of the intermediate node of the 1st ferroelectric capacitor and the 
electrical potential difference of the intermediate node of the 2nd ferroelectric capacitor 
rise with lifting of the 1st plate voltage after the charge of a power source according to 
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the capacitive component rate of ferroelectric capacitors, such as this. That is, before a 
power source is supplied to two buffer circuits, the electrical potential difference of the 
input of buffer circuits, such as this, is mutually different. 

[0016] After the charge of a power source, a switch control circuit activates a switch 
control signal, when the 1st plate voltage rises to a predetermined electrical potential 
difference. A switching circuit answers activation of a switch control signal, is turned on, 
and connects the power supply terminal of a buffer circuit to a power-source line. Since 
the input voltage of a buffer circuit is different at this time, according to both input 
voltage, logical data is written in a latch circuit. Consequently, the data currently held 
before cutoff of a power source at the latch circuit are reproduced. That is, normal recall 
actuation is performed. 

[0017] Each buffer circuit is constituted from the semiconductor integrated circuit of 
claim 3 and claim 6, and the semiconductor memory of claim 9 by the CMOS inverter 
which consists of a pMOS transistor and a nMOS transistor. The source of a pMOS 
transistor is connected to a power-source line through a switching circuit, and the 
substrate of a pMOS transistor is connected to the power-source line. The source of a 
nMOS transistor is connected to a grounding conductor through a switching circuit, and 
the substrate of a nMOS transistor is connected to the grounding conductor. For this 
reason, it is prevented that a substrate becomes floating at the time of the charge of a 
power source, and malfunction (latch rise etc.) of a transistor is prevented. 
[0018] In the semiconductor memory of claim 10, the switching circuit is formed 
common to two or more memory cells. Since the total of a switching circuit becomes 
fewer, it becomes small about the chip size of semiconductor memory. 
[0019] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is 
explained using a drawing. Drawing 1 shows the 1st operation gestalt of this invention. 
This operation gestalt supports claim 1 and claim 3. This semiconductor integrated circuit 
is formed on the silicon substrate using the CMOS process. The semiconductor integrated 
circuit has the 1st plate voltage generating circuit 10, the switch control circuit 12, and 
the non-volatile latch circuit 14. The 1st plate voltage generating circuit 10 generates 1st 
plate voltage PL1 according to supply voltage VDD. The switch control circuit 12 
generates the switch control signals ENX and EN of the complementation according to 
1st plate voltage PL1. The signal with which "X" is attached to a tail expresses negative 
logic. 

[0020] The non-volatile latch circuit 14 has latch circuit 14c which has two CMOS 
inverters (buffer circuit) 14a and 14b which connected the input and the output mutually, 
14d of switching circuits which consist of a pMOS transistor, switching circuit which 
consists of nMOS transistor 14e, the ferroelectric capacitors 14f and 14g, and the CMOS 
switches 14h and 14i. The substrate of the pMOS transistor which constitutes CMOS 
inverters 14a and 14b, and a nMOS transistor is connected to the power-source line VDD 
and the grounding conductor VSS, respectively. 

[0021] 14d of switching circuits connects the source (power supply terminal) of the 
pMOS transistor of CMOS inverters 14a and 14b to the power-source line VDD. 
Switching circuit 14e connects the source (power supply terminal) of the nMOS transistor 
of CMOS inverters 14a and 14b to a grounding conductor VSS. Ferroelectric capacitor 
14f, an end is connected to the input node N of CMOS inverter 14a, and the other end is 
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connected to the plate line PL 1. Ferroelectric capacitor 14g, an end is connected to the 
input node NX of CMOS inverter 14b, and the other end is connected to the plate line PL 
1. The sense of the arrow head added to the ferroelectric capacitors 14f and 14g shows 
the polarization condition. The electrode by the side of the head of an arrow head is just 
charged. 

[0022] CMOS switch 14h, the input IN of the non-volatile latch circuit 14 is connected to 
the input node N of CMOS inverter 14a. CMOS switch 14h is turned on when clock 
signal CK is a low (the = clock signal CKX is a high level). CMOS switch 14i connects 
the output of CMOS inverter 14b to the input of CMOS inverter 14a. CMOS switch 14i is 
turned on when clock signal CK is a high level (the = clock signal CKX is a low). 
[0023] Drawing 2 shows actuation of the semiconductor integrated circuit of the 1st 
operation gestalt. In this example, the non-volatile latch circuit 14 shown in drawing 1 
has held logic"H" beforehand. At this time, CMOS inverter 14a outputs a high level, and 
CMOS inverter 14b is outputting the low. And before cutoff of a power source, the low 
of Node N and the high level of Node NX are written in as a ferroelectric capacitors [ 14f 
and 14g ] remanence, respectively because 1st plate voltage PL1 changes to a low, a high 
level, and a low. Consequently, as the ferroelectric capacitors 14f and 14g were shown in 
drawing 1 , a polarization condition (sense of an arrow head) is opposing mutually. In 
this example, average capacity corresponding to a ferroelectric capacitors [ 14f and 14g ] 
polarization condition is set to 50fF(s) and 200fF, respectively, and parasitic capacitance 
of Nodes N and NX is set to both 5fF(s). 

[0024] Clock signals CK and CKX are being fixed to a high level and the low, 
respectively at the time of the charge of a power source. That is, CMOS inverters 14a and 
14b of latch circuit 14c form the feedback loop. The 1st plate voltage generating circuit 
10 follows supply voltage VDD, and generates 1st plate voltage PL1 . 1 st plate voltage 
PL1 goes up to the predetermined supply voltage VDD (for example, 3.3V). The switch 
control circuit 12 outputs the period and the switch control signal ENX of a high level 
with which 1st plate voltage PL1 is going up, and the switch control signal EN of a low. 
With the switch control signal ENX of a high level, and the switch control signal EN of a 
low, switching circuits 14d and 14e are turned off. For this reason, supply voltage VDD 
and the touch-down electrical potential difference VSS are not supplied to latch circuit 
14c, but CMOS inverters 14a and 14b of latch circuit 14c are deactivated. Therefore, 
Nodes N and NX become floating. 

[0025] Supply voltage VDD and the touch-down electrical potential difference VSS are 
directly supplied to the substrate of the pMOS transistor of CMOS inverters 14a and 14b, 
and a nMOS transistor, respectively. For this reason, it is prevented that a latch rise 
occurs at the period which switching circuits 14d and 14e turn off. The electrical 
potential difference of Nodes N and NX rises with lifting of 1st plate voltage PL1 
according to the ferroelectric capacitors [ 14f and 14g ] capacity coupling effectiveness. 
When 1st plate voltage PL1 goes up to supply voltage VDD (3.3V), the electrical 
potential difference of Node N is set to 3V (3.3Vx50fF/(5fF+50fF)), and the electrical 
potential difference of Node NX is set to 3.22V (3.3Vx200fF/(5fF+200fF)). 
[0026] The switch control circuit 12 changes the switch control signals EN and ENX to a 
high level and a low, respectively, after 1st plate voltage PL1 goes up to supply voltage 
VDD. Supply voltage VDD and the touch-down electrical potential difference VSS are 
supplied to CMOS inverters 14a and 14b of latch circuit 14c by this change, and CMOS 



5 



inverters 14a and 14b are activated. The input nodes N and NX of CMOS inverters 14a 
and 14b have the 220m V electrical-potential-difference difference (offset voltage), as 
mentioned above. Latch circuit 14c amplifies this electrical-potential-difference 
difference. Eventually, the electrical potential difference of Node N turns into the touch- 
down electrical potential difference VSS (logic "L"), and the electrical potential 
difference of NX turns into supply voltage VDD (logic H H M ). Consequently, the data 
according to a ferroelectric capacitors [ 14f and 14g ] remanence are read into latch 
circuit 14c. That is, the data currently held before cutoff of a power source at latch circuit 
14c are reproduced by recall actuation. 

[0027] Drawing 3 shows another actuation of the semiconductor integrated circuit of the 
1st operation gestalt. In this example, the 1st plate voltage generating circuit 10 generates 
1st plate voltage PL1 (VDDH=3.6V) higher than supply voltage VDD (3.3V). For this 
reason, the offset voltage of the input nodes N and NX of Saki whom CMOS inverters 
14a and 14b activate becomes larger than the case of drawing 2 . If 1st plate voltage PL1 
is set up highly 10%, offset voltage will also increase 10%. For this reason, recall 
actuation can be ensured. 

[0028] In addition, when two or more non- volatile latch circuits 14 are formed in a 
semiconductor integrated circuit, the chip size of a semiconductor integrated circuit can 
be made small by forming the switching circuits 14d and 14e common to the non-volatile 
latch circuits 14, such as this. As mentioned above, with this operation gestalt, after 
giving a mutually different electrical potential difference to the input of two CMOS 
inverters 14a and 14b which constitute latch circuit 14c using the ferroelectric capacitors 
[ 14f and 14g ] capacity coupling effectiveness, supply voltage VDD and the touch-down 
electrical potential difference VSS were supplied to CMOS inverters 14a and 14b. For 
this reason, the data currently held before cutoff of a power source at latch circuit 14c are 
certainly reproducible. That is, recall actuation can be performed certainly. 
[0029] The pMOS transistor and nMOS transistor substrate of CMOS inverters 14a and 
14b were connected to the power-source line VDD and the grounding conductor VSS, 
respectively. For this reason, it is prevented that a substrate becomes floating at the time 
of the charge of a power source, and it can prevent malfunction (latch rise etc.) of a 
transistor. Drawing 4 shows the 2nd operation gestalt of this invention. This operation 
gestalt supports claim 2 and claim 3. About the same circuit and signal as the circuit and 
signal explained with the 1st operation gestalt, the same sign is attached and detailed 
explanation is omitted [ this ]. 

[0030] With this operation gestalt, the ferroelectric capacitors 16a and 16b are added to 
the non-volatile latch circuit 14 of the 1st operation gestalt, and the non-volatile latch 
circuit 16 is formed. Moreover, the 2nd plate voltage generation circuit 18 which 
generates 2nd plate voltage PL2 is formed. Other configurations are the same as that of 
the 1st operation gestalt. That is, the non-volatile latch circuit 16 has latch circuit 14c 
which consisted of CMOS inverters 14a and 14b, switching circuits 14d and 14e, the 
ferroelectric capacitors 14f and 14g, and the CMOS switches 14h and 14i. The substrate 
of the pMOS transistor which constitutes CMOS inverters 14a and 14b, and a nMOS 
transistor is connected to the power-source line VDD and the grounding conductor VSS, 
respectively. 

[0031] An end is connected to the input node N of CMOS inverter 14a, and, as for 
ferroelectric capacitor 16a, the other end is connected to the 2nd plate line PL 2. An end 
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is connected to the input node NX of CMOS inverter 14b, and, as for ferroelectric 
capacitor 16b, the other end is connected to the 2nd plate line PL 2. Drawing 5 shows the 
equal circuit of the capacity of the non-volatile latch circuit 16 shown in drawing 4 . In 
this example, the non-volatile latch circuit 16 has held logic"H" beforehand. At this time, 
CMOS inverter 14a outputs a high level, and CMOS inverter 14b is outputting the low. 
Before cutoff of a power source, the 1st plate voltage generating circuit 10 changes 1st 
plate voltage PL1 to a low, a high level, and a low. The 2nd plate voltage generating 
circuit 18 changes 2nd plate voltage PL2 to a low, a high level, and a low. And the low of 
Node N and the high level of Node NX are written in as a remanence of the ferroelectric 
capacitors 14f, 14g, 16a, and 16b, respectively. 

[0032] In this example, average capacity corresponding to the polarization condition of 
the ferroelectric capacitors 14f, 14g, 16a, and 16b is set-to 50fF(s), 200fF, 200fF, and 
50fF, respectively. Parasitic capacitance of the nodes N and NX when grounding 2nd 
plate voltage PL2 is set to 5fF(s) like the 1st operation gestalt. Drawing 6 shows actuation 
of the semiconductor integrated circuit of the 2nd operation gestalt. Clock signals CK and 
CKX are being fixed to a high level and the low, respectively at the time of the charge of 
a power source. That is, CMOS inverters 14a and 14b of latch circuit 14c form the 
feedback loop. 

[0033] The 1st plate voltage generating circuit 10 follows supply voltage, and generates 
1st plate voltage PL1. 1st plate voltage PL1 goes up to the predetermined supply voltage 
VDD (for example, 3.3V). The 2nd plate voltage generating circuit 18 outputs the touch- 
down electrical potential difference VSS as 2nd plate voltage PL2. That is, the 2nd plate 
voltage generating circuit 18 outputs a period until 1st plate voltage PL1 reaches supply 
voltage VDD at least from the charge of a power source, and the touch-down electrical 
potential difference VSS as 2nd plate voltage PL2. 

[0034] The switch control circuit 12 outputs the period and the switch control signal ENX 
of a high level with which 1st plate voltage PL1 is going up, and the switch control signal 
EN of a low. By the switch control signal ENX of a high level, and the switch control 
signal EN of a low, switching circuits 14d and 14e are turned off, and CMOS inverters 
14a and 14b are deactivated. Therefore, Nodes N and NX become floating. 
[0035] Supply voltage VDD and the touch-down electrical potential difference VSS are 
directly supplied to the substrate of the pMOS transistor of CMOS inverters 14a and 14b, 
and a nMOS transistor, respectively. For this reason, it is prevented that a latch rise 
occurs at the period which switching circuits 14d and 14e turn off. The electrical 
potential difference of Node N rises with lifting of 1st plate voltage PL1 according to the 
capacitive component rate of the ferroelectric capacitors 14f and 16a (the 1st ferroelectric 
capacitor of a couple). The electrical potential difference of Node NX rises with lifting of 
1st plate voltage PL1 according to the capacitive component rate of the ferroelectric 
capacitors 14g and 16b (the 2nd ferroelectric capacitor of a couple). When 1st plate 
voltage PL1 goes up to supply voltage VDD (3.3V), the electrical potential difference of 
Node N is set to 0.65V (3.3Vx50fF/(5fF+50fF+200fF)), and the electrical potential 
difference of Node NX is set to 2.59V (3.3Vx200fF/(5fF+50fF+200fF)). That is, the 
electrical-potential-difference difference (offset voltage) of Nodes N and NX becomes 
large substantially with 1.84V by connecting the ferroelectric capacitors 14f and 16a and 
the ferroelectric capacitors 14g and 16b to a serial, respectively, and connecting the 
intermediate node to Nodes N and NX, respectively. 
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[0036] Then, like the 1st operation gestalt, the switch control signals EN and ENX are 
changed to a high level and a low, respectively, and CMOS inverters 14a and 14b are 
activated. Latch circuit 14c amplifies the electrical-potential-difference difference of 
1.84 V, the electrical potential difference of Node N turns into the touch-down electrical 
potential difference VSS, and the electrical potential difference of NX turns into supply 
voltage VDD. Consequently, the data according to the remanence of the ferroelectric 
capacitors 14f, 14g, 16a, and 16b are read into latch circuit 14c. That is, the data currently 
held before cutoff of a power source at latch circuit 14c are reproduced by recall 
actuation. 

[0037] Drawing 7 shows another actuation of the semiconductor integrated circuit 
mentioned above. In this example, the 1st plate voltage generating circuit 10 generates 
1st plate voltage PL1 (VDDH=3.6V) higher than supply voltage VDD (3.3V). For this 
reason, offset voltage of the input nodes N and NX of Saki whom CMOS inverters 14a 
and 14b activate is made more greatly than drawing 6 , and can ensure recall actuation. 
[0038] In addition, when two or more non-volatile latch circuits 16 are formed in a 
semiconductor integrated circuit, the chip size of a semiconductor integrated circuit can 
be made small by forming the switching circuits 14d and 14e common to the non-volatile 
latch circuits 16, such as this. Also in this operation gestalt, the same effectiveness as the 
1 st operation gestalt mentioned above can be acquired. Furthermore, with this operation 
gestalt, the ferroelectric capacitors 14f and 16a (the 1st ferroelectric capacitor of a 
couple) and the ferroelectric capacitors 14g and 16b (the 2nd ferroelectric capacitor of a 
couple) which were connected to the serial were connected to the serial, respectively, and 
that intermediate node was connected to the input of CMOS inverters 14a and 14b, 
respectively. For this reason, offset voltage of Nodes N and NX can be enlarged by the 
capacitive component rate, and the data currently held before cutoff of a power source at 
latch circuit 14c can be reproduced still more certainly. 

[0039] Drawing 8 shows the 3rd operation gestalt of this invention. This operation gestalt 
supports claim 4 and claim 6. About the same circuit and signal as the circuit and signal 
explained with the 1st operation gestalt, the same sign is attached and detailed 
explanation is omitted [ this ]. With this operation gestalt, the semiconductor integrated 
circuit has the 1st plate voltage generating circuit 10, the switch control circuit 12, and 
the D-flip-flop circuit where cascade connection of the volatile latch circuit 20 and the 
non-volatile latch circuit 14 was carried out. The volatile latch circuit 20 has latch circuit 
20a, CMOS switch 20b, and CMOS switch 20c. 

[0040] Latch circuit 20a connects the input and output of two CMOS inverters mutually, 
and is formed. CMOS switch 20b transmits an input signal IN to latch circuit 20a. CMOS 
switch 20c connects the feedback loop of latch circuit 20b. The volatile latch circuit 20 
operates as a master latch circuit, and the non-volatile latch circuit 14 operates as a slave 
latch circuit. That is, the data of the slave latch circuit before cutoff of a power source 
become effective after the charge of a power source. 

[0041] Also in this operation gestalt, the same effectiveness as the 1st operation gestalt 
mentioned above can be acquired. Drawing 9 shows the 4th operation gestalt of this 
invention. This operation gestalt supports claim 4 and claim 6. About the same circuit and 
signal as the circuit and signal explained with the 1st and 3rd operation gestalten, the 
same sign is attached and detailed explanation is omitted [ this ]. 
[0042] With this operation gestalt, the semiconductor integrated circuit has the 1st plate 
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voltage generating circuit 10 5 the switch control circuit 12, and the D-flip-flop circuit 
where cascade connection of the non-volatile latch circuit 14 and the volatile latch circuit 
20 was carried out. The non-volatile latch circuit 14 operates as a master latch circuit, and 
the volatile latch circuit 20 operates as a slave latch circuit. That is, the data of the master 
latch circuit before cutoff of a power source become effective after the charge of a power 
source. Also in this operation gestalt, the same effectiveness as the 1st operation gestalt 
mentioned above can be acquired. 

[0043] Drawing 10 shows the 5th operation gestalt of this invention. This operation 
gestalt supports claim 4 and claim 6. About the same circuit and signal as the circuit and 
signal explained with the 1st and 3rd operation gestalten, the same sign is attached and 
detailed explanation is omitted [ this ]. With this operation gestalt, the semiconductor 
integrated circuit has the 1st plate voltage generating circuit 10, the switch control circuit 
12, and the D-flip-flop circuit where cascade connection of the two non-volatile latch 
circuits 14 was carried out. That is, the data of the master latch circuit before cutoff of a 
power source and a slave latch circuit become effective after [ both ] the charge of a 
power source. Also in this operation gestalt, the same effectiveness as the 1st operation 
gestalt mentioned above can be acquired. 

[0044] Drawing 1 1 shows the 6th operation gestalt of this invention. This operation 
gestalt supports claim 5 and claim 6. About the same circuit and signal as the circuit and 
signal explained with the 2nd and 3rd operation gestalten, the same sign is attached and 
detailed explanation is omitted [ this ]. With this operation gestalt, the semiconductor 
integrated circuit has the 1st plate voltage generating circuit 10, the switch control circuit 
12, the 2nd plate voltage generating circuit 18, and the D-flip-flop circuit where cascade 
connection of the volatile latch circuit 20 and the non-volatile latch circuit 16 was carried 
out. The volatile latch circuit 20 operates as a master latch circuit, and the non-volatile 
latch circuit 16 operates as a slave latch circuit. That is, the data of the slave latch circuit 
before cutoff of a power source become effective after the charge of a power source. 
[0045] The 2nd plate voltage generating circuit 18 outputs a period until 1st plate voltage 
PL1 reaches supply voltage VDD at least from the charge of a power source, and the 
touch-down electrical potential difference VSS as 2nd plate voltage PL2. Also in this 
operation gestalt, the same effectiveness as the 1st operation gestalt mentioned above can 
be acquired. 

[0046] Drawing 12 shows the 7th operation gestalt of this invention. This operation 
gestalt supports claim 5 and claim 6. About the same circuit and signal as the circuit and 
signal explained with the 2nd and 6th operation gestalten, the same sign is attached and 
detailed explanation is omitted [ this ]. With this operation gestalt, the semiconductor 
integrated circuit has the 1st plate voltage generating circuit 10, the switch control circuit 
12, the 2nd plate voltage generating circuit 18, and the D-flip-flop circuit where cascade 
connection of the non-volatile latch circuit 16 and the volatile latch circuit 20 was carried 
out. The non-volatile latch circuit 16 operates as a master latch circuit, and the volatile 
latch circuit 20 operates as a slave latch circuit. That is, the data of the master latch 
circuit before cutoff of a power source become effective after the charge of a power 
source. Also in this operation gestalt, the same effectiveness as the 1st and 2nd operation 
gestalten mentioned above can be acquired. 

[0047] Drawing 13 shows the 8th operation gestalt of this invention. This operation 
gestalt supports claim 5 and claim 6. About the same circuit and signal as the circuit and 
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signal explained with the 2nd and 6th operation gestalten, the same sign is attached and 
detailed explanation is omitted [ this ]. With this operation gestalt, the semiconductor 
integrated circuit has the 1st plate voltage generating circuit 10, the switch control circuit 
12, the 2nd plate voltage generating circuit 18, and the D-flip-flop circuit where cascade 
connection of the two non-volatile latch circuits 16 was carried out. That is, the data of 
the master latch circuit before cutoff of a power source and a slave latch circuit become 
effective after [ both ] the charge of a power source. Also in this operation gestalt, the 
same effectiveness as the 1st and 2nd operation gestalten mentioned above can be 
acquired. 

[0048] Drawing 14 shows the 9th operation gestalt of this invention. This operation 
gestalt supports claim 7 and claim 9. About the same circuit and signal as the circuit and 
signal explained with the 1st operation gestalt, the same sign is attached and detailed 
explanation is omitted [ this ]. With this operation gestalt, this invention is applied to 
Non-volatile SRAM. Non-volatile SRAM has the 1st plate voltage generating circuit 10, 
the switch control circuit 12, and the memory cell array that has two or more memory 
cells MC. Although not illustrated especially, Non-volatile SRAM has circuits, such as 
the input circuit of an address signal and a control signal, the I/O circuit of data, a 
command decoder that decodes a control signal, a timing generation circuit, a WORD 
decoder, a column decoder, and a sense amplifier. 

[0049] The memory cell MC has latch circuit 14c which has two CMOS inverters 
(inverting circuit) 14a and 14b which connected the input and the output mutually, 14d of 
switching circuits which consist of a pMOS transistor, switching circuit which consists of 
nMOS transistor 14e, the ferroelectric capacitors 14f and 14g, and the transfer switches 
22a and 22b. The substrate of the pMOS transistor which constitutes CMOS inverters 14a 
and 14b, and a nMOS transistor is connected to the power-source line VDD and the 
grounding conductor VSS, respectively. 

[0050] 14d of switching circuits connects the source (power supply terminal) of the 
pMOS transistor of CMOS inverters 14a and 14b to the power-source line VDD. 
Switching circuit 14e connects the source (power supply terminal) of the nMOS transistor 
of CMOS inverters 14a and 14b to a grounding conductor VSS. Ferroelectric capacitor 
14f, an end is connected to the input node N of CMOS inverter 14a, and the other end is 
connected to the plate line PL 1. Ferroelectric capacitor 14g, an end is connected to the 
input node NX of CMOS inverter 14b, and the other end is connected to the plate line PL 
1. 

[0051] Transfer switch 22a connects Node N to a bit line BL. Transfer switch 22b 
connects Node NX to a bit line BLX. The transfer switches 22a and 22b are turned on 
when a word line WL is a high level. In the non-volatile SRAM mentioned above, at the 
time of write-in actuation, it writes in the bit lines BL and BLX of the complementation, 
data are supplied, and a word line WL is made into a high level. The write-in data of the 
complementation are written in latch circuit 14c through the transfer switches 22a and 
22b. While supply voltage VDD is supplied to Non-volatile SRAM, the data written in 
latch circuit 14c are held. 

[0052] Before cutoff of a power source, the high level (logic M H") of Node N and the low 
(logic "L") of Node NX are written in as a ferroelectric capacitors [ 14f and 14g ] 
remanence, respectively because 1st plate voltage PL1 changes to a low, a high level, and 
a low. And a power source is intercepted. In case a power source is switched on again, a 
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predetermined period and a word line WL are fixed to a low from the charge of a power 
source. That is, CMOS inverters 14a and 14b of latch circuit 14c form a feedback loop. 
Then, like the 1st operation gestalt, the 1st plate voltage generating circuit 10 follows 
supply voltage, and generates 1st plate voltage PL1. The electrical potential difference of 
Nodes N and NX rises with lifting of 1st plate voltage PL1 according to the ferroelectric 
capacitors [ 14f and 14g ] capacity coupling effectiveness. 

[0053] The switch control circuit 12 changes the switch control signals EN and ENX to a 
high level and a low, respectively, after 1st plate voltage PL1 goes up to supply voltage 
VDD. By this change, CMOS inverters 14a and 14b are activated. Latch circuit 14c 
amplifies the electrical-potential-difference difference of Nodes N and NX, and 
reproduces the data currently held before cutoff of a power source at the memory cell 
MC. 

[0054] Also in this operation gestalt, the same effectiveness as the 1st operation gestalt 
mentioned above can be acquired. Drawing 1 5 shows the 10th operation gestalt of this 
invention. This operation gestalt supports claim 7, claim 9, and claim 10. About the same 
circuit and signal as the circuit and signal explained with the 1st and 9th operation 
gestalten, the same sign is attached and detailed explanation is omitted [ this ]. 
[0055] With this operation gestalt, this invention is applied to Non-volatile SRAM. Non- 
volatile SRAM has the WORD decoder WLD, the 1st plate voltage generating circuit 10, 
the switch control circuit 12, switching circuits 14d and 14e, the memory cell array ALY 
that has two or more memory cells MC, and data I/O circuit I/O. This invention has the 
description for switching circuits 14d and 14e to be shared between two or more memory 
cells MC. The drain of switching circuits 14d and 14e is connected to the current supply 
lines NDD and NSS, respectively. A word line WL, the supply line of 1st plate voltage 
PL1 , and the current supply lines NDD and NSS are wired by the memory cell MC along 
the longitudinal direction of drawing. Non-volatile SRAM has circuits, such as an input 
circuit of an address signal and a control signal, a command decoder which decodes a 
control signal, a timing generation circuit, a column decoder, and a sense amplifier, also 
besides having illustrated. 

[0056] Drawing 16 shows the detail of a memory cell MC. The memory cell MC has 
latch circuit 14c which has two CMOS inverters (inverting circuit) 14a and 14b which 
connected the input and the output mutually, the ferroelectric capacitors 14f and 14g, and 
the transfer switches 22a and 22b. The memory cell MC of this operation gestalt does not 
have switching circuits 14d and 14e. For this reason, the layout size of a memory cell MC 
becomes small, and the layout size of the memory cell array ALY becomes small. 
Consequently, the chip size of Non-volatile SRAM can be made small. 
[0057] Since actuation of Non-volatile SRAM is the same as the 9th operation gestalt 
mentioned above, explanation is omitted. Also in this operation gestalt, the same 
effectiveness as the 1st operation gestalt mentioned above can be acquired. Furthermore, 
with this operation gestalt, two or more memory cells MC shared switching circuits 14d 
and 14e. For this reason, layout size of a memory cell MC can be made small, and the 
chip size of Non-volatile SRAM can be made small. 

[0058] Drawing 17 shows the 1 1th operation gestalt of this invention. This operation 
gestalt supports claim 8 and claim 9. About the same circuit and signal as the circuit and 
signal explained with the 2nd and 9th operation gestalten, the same sign is attached and 
detailed explanation is omitted [ this ]. With this operation gestalt, this invention is 
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applied to Non-volatile SRAM. Non-volatile SRAM has the 1st plate voltage generating 
circuit 10, the switch control circuit 12, the 2nd plate voltage generating circuit 18, and 
the memory cell array that has two or more memory cells MC. Although not illustrated 
especially, Non-volatile SRAM has circuits, such as the input circuit of an address signal 
and a control signal, the I/O circuit of data, a command decoder that decodes a control 
signal, a timing generation circuit, a WORD decoder, a column decoder, and a sense 
amplifier. 

[0059] A memory cell MC adds the ferroelectric capacitors 16a and 16b to the memory 
cell MC of the 9th operation gestalt ( drawing 14 R> 4), and is formed. An end is 
connected to the input node N of CMOS inverter 14a, and, as for ferroelectric capacitor 
16a, the other end is connected to the 2nd plate line PL 2. An end is connected to the 
input node NX of CMOS inverter 14b, and, as for ferroelectric capacitor 16b, the other 
end is connected to the 2nd plate line PL 2. Other configurations are the same as that of 
the 9th operation gestalt. 

[0060] In the non-volatile SRAM mentioned above, at the time of write-in actuation, it 
writes in the bit lines BL and BLX of the complementation like the 9th operation gestalt, 
data are supplied, and a word line WL is made into a high level. The write-in data of the 
complementation are written in latch circuit 14c through the transfer switches 22a and 
22b. While supply voltage VDD is supplied to Non-volatile SRAM, the data written in 
latch circuit 14c are held. 

[0061] Before cutoff of a power source, the high level of Node N and the low of Node 
NX are written in as a remanence of the ferroelectric capacitors 14f, 14g, 16a, and 16b, 
respectively because 1st plate voltage PL1 and 2nd plate voltage PL2 change to a low, a 
high level, and a low, respectively. And a power source is intercepted. In case a power 
source is switched on again, a period predetermined from the charge of a power source 
and a word line WL are fixed to a low, and CMOS inverters 14a and 14b form a feedback 
loop. Then, as well as the 2nd operation gestalt where 2nd plate voltage PL2 is fixed to 
the touch-down electrical potential difference VSS, 1st plate voltage PL1 goes up. That 
is, the 2nd plate voltage generating circuit 18 outputs a period until 1st plate voltage PL1 
reaches supply voltage VDD at least from the charge of a power source, and the touch- 
down electrical potential difference VSS as 2nd plate voltage PL2. The electrical 
potential difference of Node N rises with lifting of 1st plate voltage PL1 according to the 
capacitive component rate of the ferroelectric capacitors 14f and 16a. The electrical 
potential difference of Node NX rises with lifting of 1st plate voltage PL1 according to 
the capacitive component rate of the ferroelectric capacitors 14g and 16b. 
[0062] After 1st plate voltage PL1 goes up to supply voltage VDD, the switch control 
signals EN and ENX change to a high level and a low, respectively. By this change, 
CMOS inverters 14a and 14b are activated, latch circuit 14c amplifies the electrical- 
potential-difference difference of Nodes N and NX, and the data currently held before 
cutoff of a power source at the memory cell MC are reproduced. Also in this operation 
gestalt, the same effectiveness as the 2nd operation gestalt mentioned above can be 
acquired. 

[0063] Drawing 18 shows the 12th operation gestalt of this invention. This operation 
gestalt supports claim 8 thru/or claim 10. About the same circuit and signal as the circuit 
and signal explained with the 2nd and 10th operation gestalten, the same sign is attached 
and detailed explanation is omitted [ this ]. It is the same as that of the 10th operation 
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gestalt mentioned above except for the structure of a memory cell MC with this operation 
gestalt. That is 5 although especially the non-volatile SRAM is not illustrated, it has the 
WORD decoder WLD and the 1st plate voltage generating circuit 10 which were shown 
in drawing 15 , the switch control circuit 12, switching circuits 14d and 14e, the memory 
cell array ALY that has two or more memory cells MC, and data I/O circuit I/O. 
[0064] A memory cell MC adds the ferroelectric capacitors 16a and 16b to the memory 
cell MC of the 10th operation gestalt ( drawing 16 R> 6), and is formed. An end is 
connected to the input node N of CMOS inverter 14a, and, as for ferroelectric capacitor 
16a, the other end is connected to the 2nd plate line PL 2. An end is connected to the 
input node NX of CMOS inverter 14b, and, as for ferroelectric capacitor 16b, the other 
end is connected to the 2nd plate line PL 2. 

[0065] Since actuation of the non-volatile SRAM of this operation gestalt is the same as 
that of the 1 1th operation gestalt mentioned above, explanation is omitted. Also in this 
operation gestalt, the same effectiveness as the 2nd and 10th operation gestalten 
mentioned above can be acquired. In addition, the operation gestalt mentioned above 
described the example which connected to the power-source line VDD and the grounding 
conductor VSS the substrate of the pMOS transistor which constitutes CMOS inverters 
14a and 14b, and a nMOS transistor, respectively. This invention is not limited to this 
operation gestalt. For example, when the structure of the diffusion layer of a semi- 
conductor substrate is the structure where a latch rise is not generated, the substrate of the 
pMOS transistor which constitutes CMOS inverters 14a and 14b, and a nMOS transistor 
may be connected to the source of a pMOS transistor, and the source of a nMOS 
transistor, respectively. 

[0066] The 9th thru/or 12th operation gestalt mentioned above described the example 
which applied this invention to the memory cell MC (the so-called 6 transistor type) 
which has two CMOS inverters (inverting circuit) 14a and 14b. This invention is not 
limited to this operation gestalt. For example, you may apply to the memory cell (the so- 
called 4 transistor type) which has the inverting circuit of a couple which consists this 
invention of a nMOS transistor and high resistance. 

[0067] Invention explained in the above operation gestalt is arranged, and it indicates as 
an additional remark. 

(Additional remark 1) The latch circuit which has two buffer circuits which connected the 
input and the output mutually, The ferroelectric capacitor of a couple by which the end 
was connected to the input of said buffer circuit, respectively, and the other end was 
connected to the 1st plate line, The switching circuit which connects the power supply 
terminal of said buffer circuit to a power-source line according to a switch control signal, 
When said 1st plate voltage rises to a predetermined electrical potential difference after 
the 1st plate voltage generating circuit which generates the 1st plate voltage supplied to 
said 1st plate line, and the charge of a power source The semiconductor integrated circuit 
characterized by having the switch control circuit which said switch control signal is 
activated [ control circuit ] and makes said switching circuit turn on. 
[0068] (Additional remark 2) The latch circuit which has two buffer circuits which 
connected the input and the output mutually, The 1st ferroelectric capacitor of a couple 
by which connected with the serial between the 1st plate line and the 2nd plate line, and 
the intermediate node was connected to one input of said buffer circuit, The 2nd 
ferroelectric capacitor of a couple by which connected with the serial between said 1st 
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plate lines and said 2nd plate lines, and the intermediate node was connected to the input 
of another side of said buffer circuit, The switching circuit which connects the power 
supply terminal of said buffer circuit to a power-source line according to a switch control 
signal, The 1st plate voltage generating circuit which generates the 1st plate voltage 
supplied to said 1st plate line, When said 1st plate voltage rises to a predetermined 
electrical potential difference after the 2nd plate voltage generating circuit which is 
supplied to a predetermined period and said 2nd plate line from the charge of a power 
source and which generates the 2nd plate voltage lower than said 1st plate voltage, and 
the charge of a power source The semiconductor integrated circuit characterized by 
having the switch control circuit which said switch control signal is activated [ control 
circuit ] and makes said switching circuit turn on. 

[0069] (Additional remark 3) It is the semiconductor integrated circuit characterized by 
said 2nd plate voltage generating circuit outputting said predetermined period and a 
touch-down electrical potential difference as said 2nd plate voltage at least in the 
semiconductor integrated circuit of additional remark 2 publication. 
(Additional remark 4) In the semiconductor integrated circuit of additional remark 1 or 
additional remark 2 publication said each buffer circuit It consists of CMOS inverters 
which consist of a pMOS transistor and a nMOS transistor. The source of said pMOS 
transistor It connects with a power-source line through said switching circuit. The source 
of said nMOS transistor It is the semiconductor integrated circuit characterized by 
connecting with a grounding conductor through said switching circuit, connecting the 
substrate of said pMOS transistor to said power-source line, and connecting the substrate 
of said nMOS transistor to said grounding conductor. 

[0070] (Additional remark 5) A master latch circuit and a slave latch circuit are 
semiconductor integrated circuits which have the store circuit by which cascade 
connection was carried out. Either [ at least ] said master latch circuit or a slave latch 
circuit The latch circuit which has two buffer circuits which connected the input and the 
output mutually, The ferroelectric capacitor of a couple by which the end was connected 
to the input of said buffer circuit, respectively, and the other end was connected to the 1st 
plate line, The switching circuit which connects the power supply terminal of said buffer 
circuit to a power-source line according to a switch control signal, When said 1st plate 
voltage rises to a predetermined electrical potential difference after the 1st plate voltage 
generating circuit which generates the 1st plate voltage supplied to said 1st plate line, and 
the charge of a power source The semiconductor integrated circuit characterized by 
having the switch control circuit which said switch control signal is activated [ control 
circuit ] and makes said switching circuit turn on. 

[0071] (Additional remark 6) A master latch circuit and a slave latch circuit are 
semiconductor integrated circuits which have the store circuit by which cascade 
connection was carried out. Either [ at least ] said master latch circuit or a slave latch 
circuit The latch circuit which has two buffer circuits which connected the input and the 
output mutually, The 1st ferroelectric capacitor of a couple by which connected with the 
serial between the 1st plate line and the 2nd plate line, and the intermediate node was 
connected to one input of said buffer circuit, The 2nd ferroelectric capacitor of a couple 
by which connected with the serial between said 1st plate lines and said 2nd plate lines, 
and the intermediate node was connected to the input of another side of said buffer 
circuit, The 1st plate voltage generating circuit which generates the 1st plate voltage 
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which supplies the switching circuit which connects the power supply terminal of said 
buffer circuit to a power-source line according to a switch control signal to said 1st plate 
line, When said 1 st plate voltage rises to a predetermined electrical potential difference 
after the 2nd plate voltage generating circuit which is supplied to a predetermined period 
and said 2nd plate line from the charge of a power source and which generates the 2nd 
plate voltage lower than said 1st plate voltage, and the charge of a power source The 
semiconductor integrated circuit characterized by having the switch control circuit which 
said switch control signal is activated [ control circuit ] and makes said switching circuit 
turn on. 

[0072] (Additional remark 7) It is the semiconductor integrated circuit characterized by 
said 2nd plate voltage generating circuit outputting said predetermined period and a 
touch-down electrical potential difference as said 2nd plate voltage at least in the 
semiconductor integrated circuit of additional remark 6 publication. 
(Additional remark 8) In the semiconductor integrated circuit of a publication of 
additional remark 5 or additional remark 6 said each buffer circuit It consists of CMOS 
inverters which consist of a pMOS transistor and a nMOS transistor. The source of said 
pMOS transistor It connects with a power-source line through said switching circuit. The 
source of said nMOS transistor It is the semiconductor integrated circuit characterized by 
connecting with a grounding conductor through said switching circuit, connecting the 
substrate of said pMOS transistor to said power-source line, and connecting the substrate 
of said nMOS transistor to said grounding conductor. 

[0073] (Additional remark 9) The latch circuit which has two inverting circuits which 
connected the input and the output mutually, Two or more memory cells which have the 
ferroelectric capacitor of a couple by which the end was connected to the input of said 
inverting circuit, respectively, and the other end was connected to the 1st plate line, The 
switching circuit which connects the power supply terminal of said inverting circuit to a 
power-source line according to a switch control signal, When said 1st plate voltage rises 
to a predetermined electrical potential difference after the 1st plate voltage generating 
circuit which generates the 1st plate voltage supplied to said 1st plate line, and the charge 
of a power source Semiconductor memory characterized by having the switch control 
circuit which said switch control signal is activated [ control circuit ] and makes said 
switching circuit turn on. 

[0074] (Additional remark 10) The latch circuit which has two inverting circuits which 
connected the input and the output mutually, The 1st ferroelectric capacitor of a couple 
by which connected with the serial between the 1st plate line and the 2nd plate line, and 
the intermediate node was connected to one input of said buffer circuit, Two or more 
memory cells which have the 2nd ferroelectric capacitor of a couple by which connected 
with the serial between said 1st plate lines and said 2nd plate lines, and the intermediate 
node was connected to the input of another side of said inverting circuit, The switching 
circuit which connects the power supply terminal of said inverting circuit to a power- 
source line according to a switch control signal, The 1st plate voltage generating circuit 
which generates the 1st plate voltage supplied to said 1st plate line, When said 1st plate 
voltage rises to a predetermined electrical potential difference after the 2nd plate voltage 
generating circuit which is supplied to a predetermined period and said 2nd plate line 
from the charge of a power source and which generates the 2nd plate voltage lower than 
said 1st plate voltage, and the charge of a power source Semiconductor memory 
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characterized by having the switch control circuit which said switch control signal is 
activated [ control circuit ] and makes said switching circuit turn on. 
[0075] (Additional remark 1 1) It is the semiconductor memory characterized by said 2nd 
plate voltage generating circuit outputting said predetermined period and a touch-down 
electrical potential difference as said 2nd plate voltage at least in the semiconductor 
memory of additional remark 10 publication. 

(Additional remark 12) In the semiconductor memory of additional remark 9 or 
additional remark 10 publication said each inverting circuit It consists of CMOS inverters 
which consist of a pMOS transistor and a nMOS transistor. The source of said pMOS 
transistor It connects with a power-source line through said switching circuit. The source 
of said nMOS transistor It is the semiconductor memory characterized by connecting 
with a grounding conductor through said switching circuit, connecting the substrate of 
said pMOS transistor to said power-source line, and connecting the substrate of said 
nMOS transistor to said grounding conductor. 

[0076] (Additional remark 13) It is the semiconductor memory characterized by forming 
said switching circuit common to said two or more memory cells in the semiconductor 
memory of additional remark 9 or additional remark 10 publication. As mentioned above, 
although this invention has been explained to a detail, it does not pass over the above- 
mentioned operation gestalt and its modification to an example of invention, and this 
invention is not limited to this. It is clear that it is deformable in the range which does not 
deviate from this invention. 
[0077] 

[Effect of the Invention] In the semiconductor integrated circuit of claim 1 and claim 4, 
and the semiconductor memory of claim 7, the input of two buffer circuits which 
constitute a latch circuit receives the electrical potential difference which changes with 
capacity coupling effectiveness of a ferroelectric capacitor before connection of a power 
source. For this reason, the data currently held before cutoff of a power source at the latch 
circuit are certainly reproducible. In the semiconductor integrated circuit of claim 2 and 
claim 5, and the semiconductor memory of claim 8, the input of two buffer circuits which 
constitute a latch circuit receives the electrical potential difference which changes before 
connection of a power source with the capacitive component rate of the 1st ferroelectric 
capacitor, and capacitive component rates of the 2nd ferroelectric capacitor. For this 
reason, the data currently held before cutoff of a power source at the latch circuit are 
certainly reproducible. 

[0078] In the semiconductor integrated circuit of claim 3 and claim 6, and the 
semiconductor memory of claim 9, it can prevent that a substrate becomes floating at the 
time of the charge of a power source, and malfunction of transistors, such as a latch rise, 
can be prevented. In the semiconductor memory of claim 10, since the total of a 
switching circuit becomes fewer, the chip size of semiconductor memory can be made 
small. 



[Translation done.] 
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